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Table 1- The effect of row intercropping patterns of sesame and flax on relative density of weed species in different

sampling stages

Sf3p2diged Jol dla 5o
First sampling stage

JSw blseo CuiS glagS! oA cuis
g e oS odlgils g, Intercropping patterns Monoculture
Weed species Family Life 11 29 3:3 44 oS ol
cycle ' ' ' ' Sesame  Flax
odulss g b S b .
WP 09 E 09> & AB" 1667 1818 18.75 2500 1026  4.88
Amaranthus blitoides S. Watson Amaranthaceae
o] o> b o b AB 2500 909 625 - 513 1220
A. retroflexus L. Amaranthaceae
‘.\“l” “L}m‘ AB 16.67 2727 25.00 1875 17.95 21.95
Chenopodium album L. Chenopodiaceae
Sam S PB - - - 6.25 760  21.95
Convolvulus arvensis L. Convolvulaceae
Mo Lol s
pobe 25 CET PG 1250 18.18 18.75 1250 - -
Cyperus rotundus L. Cyperaceae
o 5 Gile e
A Jeesd AG . . . . 2051  9.76
Digitaria sanguinalis (L.) Scop. Poaceae
. S oS AG 833 - 18.75 1875 1282  9.76
Echinochloa crus-galli (L.) Beauv. Poaceae
2 > AB 16.67 18.18 12.50 1875 17.95 19.51
Portulaca oleracea L. Portulaceae
sppb RNESE AB i i i i 7 69 i
Solanum nigrum L. Solanaceae
S 135145905 093 dl> po
Second sampling stage
odnls (g gl o9 b
AB . . . . . .
Amaranthus blitoides S. Watson Amaranthaceae 2302 1618 11.79 20.69 15.36 15.00
o3kl (99> & 9 gl
AB - - - - . .
A. retroflexus L. Amaranthaceae 4.55 5.00
ol ot AB 900 1736 3691 1212 1076 2125
Chenopodium album L. Chenopodiaceae
Sam S PB 6.17  20.56 - 6.06 - 9.38
Convolvulus arvensis L. Convolvulaceae
Mo Lol S
fole 25 o= PG 17.05 17.18 10.79 20.34 - 7.50
Cyperus rotundus L. Cyperaceae
Sz o ils OoiS
L T AG 10.79 - - - 6.82 -
Digitaria sanguinalis (L.) Scop. Poaceae
L 9 PB - - 13.64 - 7.32 -
Descurainia Sophia L. Brassicaceae
. - LoniS
. S Jeesd AG 5.6 - 734 1724 1636  8.00
Echinochloa crus-galli (L.) Beauv. Poaceae
2ald opald AB 1400 - - - 588  9.50
Fumaria spp. L. Fumariaceae
2 > AB 1479 2872 1203 2414 2518 1050

Portuluca oleracea L.

Portulaceae



1487

S Ry bolte CuliS )0 ,lgi (P8 o ke R

Ay - Lilual
el oI AB - - 4.90 - 8.55  13.50
Solanum nigrum L. Solanaceae
S12 525905 Pous dl 5o
Third sampling stage
ol s b o9 & AB 1050 1638 1479  6.88 13.15 7.41
Amaranthus blitoides S. Watson Amaranthaceae
o] o> b o9 & AB 1250 - 9.26 - 1518  15.11
A. retroflexus L. Amaranthaceae
Aok ol AB 3125 1769 21.05 1665 1012 1652
Chenopodium album L. Chenopodiaceae
. PG - 6.30 - 5.88 9.12 -
Convolvulus arvensis L. Convolvulaceae
P ! o= PG ~ 1538 - ; 10.15 -
Cyperus rotundus L. Cyperaceae
L &Puﬂ; ol AG 12.50 - 5.26 7.56 12.12 7.41
Digitaria sanguinalis (L.) Scop. Poaceae
. 905 . hesS AG 20.75 21.38 16.79 49.02 11.06 17.52
Echinochloa crus-galli (L.) Beauv. Poaceae
5 e AB - 23.08 24.32 14.65 11.12 17.11
Portulaca oleracea L. Portulaceae
skt oozt AB 825 - 9.45 - 712 1452
Solanum nigrum L. Solanaceae
Sl pige o)l Al po
Fourth sampling stage
2l oS gl o AB 2000 1438 763 10.00 2200  10.29
Amaranthus blitoides S. Watson Amaranthaceae
el g> &5 o9 & AB  18.00 - 13.38 - 10.00  13.29
A. retroflexus L. Amaranthaceae
iklw ULDLM‘ AB 16.00 16.79 14.08 11.05 13.57 -
Chenopodium album L. Chenopodiaceae
. PG - 13.79 7.69 8.76 7.14 20.92
Convolvulus arvensis L. Convolvulaceae
o sl o PG i i i i i 714
Cyperus rotundus L. Cyperaceae
L &Puﬂp hesS AG - 9.69 15.38 10.00 10.00 16.29
Digitaria sanguinalis (L.) Scop. Poaceae
. S cheS AG 2500 2432 18.08 2333  16.14 -
Echinochloa crus-galli (L.) Beauv. Poaceae
> e AB - 21.08 12.38 18.00 12.00 18.43
Portulaca oleracea L. Portulaceae
3 RIESE
: AB 20.00 - 11.38 17.00 10.00 15.29
Solanum nigrum L. Solanaceae

AB iS00 ey AG 1S S b dlucSy PG i80Sk dlusis PB S0 dlovis #
* PB: Perennial broad Leaves, PG: Perennial grasses, AG: Annual grasses and AB: Annual broad Leaves
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Fig. 1- The effect of intercropping patterns of sesame and flax on (A) weed density and (B) weed dry weight in different
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Means with the same letters in each figure are not significantly difference at the 5% probability level by using LSD test.
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94 cldsir 3 coipa gl Sles (lipl g 0,Skes 015 (2009
LS (p<0/05) s sxe 51 odimd Lis ol .ol 0 4811 5

g oS a5 Slas 5 (So5dgm 0,Shos p bglsee cuiS aliste 3 ,5os gl5a] 9 3, 5dos
2 48 (So3dgn 3Sae e (3 52 sl gz sl S LIS AoS i3, blse cutS 1 Luily s 438 gl
eSS 5 5 (LS 5 p S ols BB08/7 L) (s cuss g3, Slas 1 Galisee (slmylo (PO/D) s xe 51 o lis
L i) JBine gl (g (23 93 bolse 5801 5 IS (3 52 o Jsis) w3l o oS 53 5 ,Slas slin]

OUS 94285 a3y bylbue CudS cilisn (slagRl )3 woxiS 3 Shos (1521 9 3)Sdos (Olasjo (S3le) (uillg @ 520 gl -2 Jga
Table 2- Analysis of variance (mean of squares) of yield and yield components of sesame in different patterns of row
intercropping of flax-sesame

gove iy 3o s G, 5e e A 59 JgweS 3 Al dlaxi digr 43 JowS dlaws &ls 5.1 Siolon 3,5

Sources of a3 1000-seeds Seed Number of seeds per Number of capsules . . . .
variation d.f weight weight per capsule capsule per plant Seed yield Biological yield
Ye;JrLJ(Y) 1 0.0036"™ 0.0002587 "™ 8.533333"™ 4.8™ 21262.99" 46413.3™
BI((;J:k) g/;\r) 4 0.0033™ 0.0008274 "™ 26.133333" 7.9™ 87294.12" 295615.5"
Treat;:: ot () 4 3.8649" 0.0389812" 750.33333" 2777.8833™ 8737927.89™  31870986.7"
TXY 4 0.0144"™ 0.0000333"™ 4.033333™ 10.55™ 4081.21"™ 81286.7™
EUrQrZr 16 0.082871 0.00057205 9.883333 29.06667 245850.67 243858.5

Ao b 1y Iy gixe ciglis g pae NS ¢ 75 ¢ /1 Jlosl paw )3 (I3 dne cui it ¥ 9 FF

“, ™ and ns: represent significant at 5% level, Significant at 1% level and non significant, respectively.

OUS 9 4088 (13 bgldo CuntS cilises glagRl 5 (LS 3 Shos 152l 9 3 )Sdos (Olas o (Kile) (uilly 525 gl -3 Jgor
Table 3- Analysis of variance (mean of squares) of yield and yield components of flax in different patterns of row intercropping
of sesame- flax

i ple olifanyy GBRON JpeS P ojy  JpwS P Al S dpeS Bl g Soion 3,5

Sources of 1000 Seeds Seed Number of seeds per Number of capsules - - . -
variation df Weight weight per capsule capsule per plant Seedyield  Biological yield
Ju 1 0.00379"™ 0.00067"" 0.341"™ 67.5™ 17771.27"™ 11211.25™
Year (Y)
() S5k 4 0.0080™  0.000015™ 1.768"™ 60.86" 163853.8" 7419932
Block (year)
s 4 0.767" 0.0165" 389.61" 2930.86" 2058398.4""  3589939.5™
Treatment (T)
TXY 4 0.023" 0.000037" 7.3212™ 17.66"™ 15776.50" 169709.8 ™
Eurarj)r 16 0.0048 0.000139 13.35 10.99 27771.2 228681.26

Ao i 1y Iy gixe ciglis 3gng pae NS ¢ 75 ¢ /1 Jlon] paw )3 (I3 dne cui it ¥ 9 *FF

*, " and ns: represent significant at 5% level, Significant at 1% level and non significant, respectively.
193214 s 5 2568 ) dal Camddy (3, 5les 5ol s olS 9 35S ) e idan) olS gy p s a3 See Sl
2001/6 5 608/21 s ey 1Sy g ,liSan y p,55ks 3682/7 oAl ciS o (LS s p,89 LS 2122/12 4 48T6/3 s
4 o pls @l 0 5 4 lasin) (S 5 pSskS 9 2 2 38 (NP 38das g il 3 Slee (p5eS ad Jol
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sy > (Mazaheri et al., 1998) ) San g (s nllse ogMea

P aboySlas 5 i 48 W3S 85 L) g @) bl cuis

Sl alls €S )3 S plo (ke 3 Slas oaina LS
adlllas 5o (Alizade et al., 2009) ) lSen 5 odljle oS ¢ )oboay
L3l oL (Ocimum basilicum L.) oylou ) 5 Log) balsee cuss
Aol Canddy ol 93 pa als cusS (o aily 5 Slas o YL &

OUS 9 a5uS 833, bolbro CuiS cilises slagNl 43 usuiS 3,Sdos (gl5a] 9 5 ,Shos (1Kilo dunlio -4 Jouo
Table 4- Mean comparisons of yield and yield components of sesame in different patterns of row intercropping of flax-sesame

. . . . > J’Mﬂd\s dlaxs
" &l 13 o9 1 0js 2 4l slass ’ sy 4l 5,Slos Seidom s
Tre)att;r1ent 1?/82{95!??(1 vifiz(it N - Number o Seed vield Biological yield
umber of seeds -1 -
(9) (g-capsule™ per capsule CapSLIJIeS per (kg-ha’) (kg-ha’)
plant
1:1 3.1567° 0.15038° 48.167° 67.167° 1981.3°¢ 4797.37
2:2 4.0567° 0.15038" 63.5° 91.667° 3030.3° 7621.3°
33 3.7033° 0.21147° 54° 82.333" 2545.2" 6820°
4:4 2.4867° 0.08991° 41.5° 53.667¢ 1932.4° 3682.7¢
oAl i 2.1417¢ 0.0629° 345 38.167¢ 4876.3 9508.7°

Monoculture

< 35,05 () re glis a0 )3 5 sl o ;5 LSD (ygeil ol pr S jniie g (lyly slacySibio gt yo 3
* Means in each column followed by similar letter(s) are not significantly different using LSD test (p< 0.05).

OUS g u5uS 83, balro CuiS Ll Xl 43 S 5,Slas (gl5a] 9 3,0es (1iKilo dmulio -5 Jgua
Table 5- Mean comparison of yield and yield components of flax in different patterns of row intercropping of sesame- flax

o &l 0.53 JomeS 45 415 slas W99 45 JomuS dlixd 1 3 o & b;S_lo-f- ‘5.1)9)9.3 b;stlo-f-
Treatment (S;i(;g:m%ll; Numb:;:sleeeds per Numt;izc:)flgﬁfsules 1000-seed weight (q) S(elfg;j.galil)d BIOI((I)%I.(;]?'%;IEM
11 0.09127° 34.633° 82.667° 2.33575%® 907.74° 2610.8°
2:2 0.176561° 48.5% 107 2.73808° 1533.07° 3521.7%

3:3 0.120463° 39.767° 95.5° 2.53692° 1181.95° 3075.3"
4:4 0.069171° 32.167° 78.333¢ 2.06942° 608.21° 2001.6"
ol e 0.03892¢ 27.4° 48.333° 1.84275° 2122.12° 3987.3%

Monoculture

L, g )b xe glis 03 5 el aw ;5 LSD 9031 ol 1 S jtio By o syl claySiloo (ygian p2 40 3
* Means in each column followed by similar letter(s) are not significantly different using LSD test (p< 0.05).

alyaySlas a3 a2 93 s (LER) (e 5 53l 3 opess

2 S5 ) ey Sl G bgloe cilisie (glagSIl
lp Ome) ply S (0 5eS 9 n b -l oad o3 LS
0y lee 5 ) 93 Hle pd bl calises (slagSl 45 5 Slas
3y bylse caiS Galiso (oSl le y3 sgMeay . dol Canday
23y 93 g 4w lagSIl 13 o) (sl s (LS g douS
baloro cudS aus (g5 0 odimd L yol (pl &S 200 S 5l 5555
olS 93 3 Slas 4 Hlai yoye jil g Sl ol jo iS'ST @ Cuns
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52 SN > Al jlie (g 5 JoueS 5> Al sl iy 13 JguS
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(Gao et al, 2009) 54 b Lgw o515
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Fig. 2- The effect of row intercropping patterns of sesame and flax on the land equivalent ratio (LER) based on their seed
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Introduction

Providing food for the rising world population is one of the first human needs. In recent years, there has been increased
interest in agricultural production systems in order to achieve high productivity and promote sustainability over time.
Intercropping is one of the methods that simultaneously can increase the agricultural system productivity and also
reduce their side effects on the environment. Intercropping can provide numerous benefits to cropping systems through
increasing the total yield and land-use efficiency by enhancing the use of light, water, and nutrient, as well as improving
soil conservation and declining the economic damage of agricultural pests, diseases, and weeds.

Several factors can influence the growth and yield of the species used in the intercropping, including the kind of
selected crops, sowing ratio, and competition between the mixture components. Therefore, the present study, to
compare the different intercropping patterns of sesame and flax and their effects on the yield and the weed density.

Materials and Methods

In order to determine the best width of strip in row intercropping of sesame (Sesamum indicum L.) and flax (Linum
usitatissimum L.) a two-year field study based on a randomized complete block design with three replications was
conducted during the growing seasons of 2009-2010 and 2010-2011 in the Agriculture Research Station of Ferdowsi
University of Mashhad. Treatments were four patterns of sesame-flax row intercropping including one row of sesame +
one row of flax (1:1), two rows of sesame + two rows of flax (2:2), three rows of sesame + three rows of flax (3:3), four
rows of sesame + four rows of flax (4:4) and monoculture of sesame and monoculture of flax. The crops were sown
simultaneously on 1 and 5 May in 2009 and 2010, respectively. The crops were irrigated after sowing and thinned out in
the 4-6 leaf stage. In the first month after sowing, all plots were weeded by hand and after that, we did not use any
method for controlling of weeds and the density and dry weight of weeds were evaluated in four sampling dates. At the
end of the experiment, the yield and yield components of both crops were measured and the land equivalent ratio (LER)
was calculated based on the yield of each crop in monoculture and in intercropping patterns.

Results and Discussion

The results showed a significant difference among different intercropping patterns based on the density and dry weight
of weeds. The highest and lowest dry weight of weeds were observed in flax monoculture (832.1 g.m™) and 2:2 pattern
(41.66 g.m™), respectively. On the other hand, improving diversity by using intercropping had a negative effect on the
density and dry weight of weeds. The maximum amount of biological yield of sesame was recorded in monoculture
(9508.7 kg.ha) and for flax was recorded in monoculture and the pattern of 2:2 (3987.3 and 3521.7 kg.ha™,
respectively). Besides, the highest seed yield of the two crops was gained in monoculture (4876.3 and 2122.12 kg.ha™
for sesame and flax, respectively). The land equivalent ratio (LER) for different patterns ranged from 0.68-1.34 and the
maximum LER belonged to the pattern of 2:2. In general, the best result was obtained in the pattern of two rows of
sesame+ two rows of flax (2:2).
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Conclusion

Overall, our results indicated that in intercropping, planting pattern with two or three rows of flax among the sesame
rows had the best planting composition to achieve the highest yields for the two crops. In addition, the land equivalent
ratio in these patterns was calculated more than one. One of the other effects of intercropping in our study was reducing
the density and biomass of weeds. As a result, choosing the right pattern in the intercropping not only can be effective
on the crop yield, but also by reducing the density of weeds can decrease the environmental impact of agricultural
production systems by diminishing the use of chemical herbicides.

Keywords: Biological yield, Land equivalent ration, Relative density, Seed yield



